Appearance and accumulation of nodulin mRNAs and their relationship to the effectiveness of root nodules.
Cloned cDNAs corresponding to mRNAs which accumulate in nitrogen-fixing root nodules of soybean (nodulin mRNAs) were used as probes to investigate the sizes, sequence relationships, tissue specificities and developmental accumulations of individual nodulin mRNA sequences. Northern blot analysis indicated that the NodB, NodC and NodD mRNA sequences are 1 150, 770, and 3 150 nucleotides long, respectively, which is consistent with the previously determined sizes of the hybrid-selected translation products (27 000, 24 000 and 100 000 MW, respectively). The NodA clones pNodA15 and pNodA25 hybridized to two mRNAs of lengths 1 600 and 1 100 nucleotides, indicating that they contain significant sequence homologies. However, increasing the hybridization stringency showed that the pNodA15 clone encodes the 1 600 nucleotide mRNA corresponding to the major NodA hybrid-selected translation product (44 000 MW) while pNodA25 encodes an mRNA of 1 100 nucleotides. The latter probably corresponds to one of two smaller (23 500 and 24 500 MW) in vitro translation products. RNA dot-blot hybridizations indicated that nodulin and leghemoglobin mRNAs began to appear and accumulate in Rhizobium infected root tissue very early (day 3 to 5) and reached fully induced levels by day 11. This accumulation was specific for nodule tissue (except for the NodD sequence) and preceded the accumulation of nitrogen fixation activity. Nodules produced by different effective Rhizobium strains accumulated similar levels of leghemoglobin and nodulin mRNAs while ineffective strains had a pleiotropic affect. While one ineffective strain (61A24) gave reduced levels of all these mRNAs, the other (SM5) gave levels which were nearly normal by the time nitrogen fixation activity should have reached its maximal level (day 17). Thus, leghemoglobin and nodulin genes are switched on soon after infection, prior to nodule morphogenesis, and the switch occurs prior to and is independent of nitrogen fixation activity.